Oscillatory doubly diffusive convection in a large aspect ratio Hele-Shaw cell is considered. The partial differential equations are reduced via center-unstable manifold reduction to the normal form equations describing the interaction of even and odd parity standing waves near onset. These equations take the form of the equations for a Hopf bifurcation with approximate D4 symmetry, verifying the conclusions of the preceding paper [A.S. Landsberg and E. Knobloch, Phys. Rev. E 53, 3579 (1996)]. In particular, the amplitude equations differ in the limit of large aspect ratios from the usual Ginzburg-Landau description in having additional nonlinear terms with O(1) coefficients.
In the companion paper [1] we argue that the amplitude equations describing the bifurcation to traveling waves in a finite but large aspect ratio container are more complex than suggested by the usual Ginzburg-Landau description. In particular we argue that the correct description of the initial instability must be based on the even and odd parity standing waves, which are the only modes that bifurcate from the trivial state in such a container. In large aspect ratio systems the even and odd modes are nearly degenerate, indicating that their interaction cannot be neglected. By considering the interaction of the first two modes to go unstable we derived amplitude equations of the form proximate D4 symmetry owing to the near degeneracy between the two modes. The equations have stationary solutions of the form (z, 0), (0, z +1) corresponding to the two types of standing waves. Generically, such waves take the form of "chevrons, " i.e. , of patterns consisting of left-traveling waves in the left half of the container and right-traveling waves in the right half (or vice versa), satisfying the requirement that they are either even or odd under reflections about the middle. As the bifurcation parameter is increased these solutions typically lose stability at secondary bifurcations to nonsymmetric stationary states (z, z +1), z z +1 g 0, corresponding to various types of propagating patterns, as described in [1] . In Bestehorn, Friedrich, and Haken [2] and Nagata [3] . The amplitude equations are to be thought of as describing the double Hopf bifurcation with 1:1 resonance and ap- [6] have provided a wealth of data on the behavior of this system in the weakly nonlinear regime. Given that the dynamics described by Eqs. (la) and (lb) show good qualitative resemblance with the behavior found in binary ffuid convection [7, 8] and in numerical simulations [9, 10] The linear modes (8) The goal now is to derive a set of amplitude equations governing the behavior of these first two critical modes near onset of the oscillatory instability. In theory, this could be done by first writing the fields g, 0, P as an arbitrary (infinite) sum of spatial modes, deriving a set of coupled modal equations, and then performing a center (or center-unstable) manifold reduction [14] . This proves inconvenient in practice, however. Instead, we make use of the fact that all modes will not contribute equally to the reduced center manifold equations. In particular, if the center manifold equations are to be truncated at order %, then only spatial modes that are of order N -1 or less will contribute to the truncated equations. For our purposes, since we wish to determine the center manifold equations only through cubic order, the relevant spatial modes can be determined as follows: first express the fields g, 0, P as a linear combination of the critical modes m, , m + 1 (the vertical mode number will be n = 1 for both mades). The second order modes generated from the nonlinear interaction terms in equations (3a) -(3c), J(g, V @),J(@,0), J(@,P), are then determined Only. these modes need be retained for the modal expansion; all other modes can then be neglected. We find (cf. [15] ) Substituting these equations into the equations of motion allows one to find explicitly the center-unstable equations for the critical modes (z, zm+i). The resulting equations are necessarily equivariant under both reHection symmetries of the original system. These symmetries now take the form z -+ -z and z +1~-z (Note that these are both exact symmetries of the system, but even if the midplane reGection symmetry is absent, it will "reappear" as a normal form symmetry. ) The center-unstable equations can now be put into normal form. These calculations are quite lengthy the even parity standing wave in the D4-symmetric problem has a pair of purely imaginary eigenvalues and consequently the system is highly sensitive to perturbations, be they higher order terms or ones that break the D4 symmetry. We speculate that this degeneracy might be related to the fact that for doubly dift'usive convection in an unbounded system, the amplitude of the pure traveling wave solutions grows as (Ri -R~) 4 instead of the usual (Ri -Ri ) 2, ow'liig 'to a degeneracy iil a cllblc normal form coeKcient [6, 13, 17] . A second possibility is that it is associated with the particularly simple nature of the linear spatial eigenfunctions for this problem (due to the form of the boundary conditions). , z2i) , z2pz2i g 0, appear through a saddle-node bifurcation. As discussed in [1], solutions of this type have a variety of appearances, depending on the precise values of the real and imaginary parts of z2p, z2», but they all exhibit some propagative dynamics. Although in the following we refer to these collectively as traveling waves it is possible to distinguish two types of such waves, those that approach a pure traveling wave at large amplitude (z -+ +z +i) and those that approach a mixed parity standing wave (z~+ iz +i). The stable traveling waves created at the saddle-node bifurcation are of the latter type. Our theory also contains traveling waves of the former type but these are unstable, in contrast to the Ginzburg-Landau prediction of stable (pure) traveling waves at large amplitude [6] .70 in a supercritical pitchfork bifurcation that produces a pair of stable traveling wave solutions. These solutions also approach a mixed parity standing wave at large amplitude {cf. Fig. 2 ). In neither of the cases examined have we found stable two-6. equency "blinking" states of the type observed in the experiments. We also did not find any of the more exotic behavior, including period doublings, repeated transients, and chaotic behavior seen in experiments on binary fluid convection [7, 8] and in numerical simulation of related partial differential equation [9, 10] [18] that in the experiments of Predtechensky et al. [6] the ofF-diagonal elements in the difFusion matrix can be as large as 10% of the diagonal one, and hence should not be neglected. Third, the degree to which the aspect ratio of the experimental system (I = 20) can be considered large (in an asymptotic sense) is unclear. Finally, as already mentioned, the potential degeneracy in the coefficients (22a) and (22b) suggests that in this problem the bifurcation behavior may not be completely determined by the third. -order truncation of the normal form equations. We surmise that with the inclusion of the above effects, the normal form equations (la) and (1b) could describe "blinking states" for the exact experimental parameters; such states are known to be present in Eqs. (la) and (1b) in the absence of degeneracies [1] .
In fact, based on our analytical results in the weakly nonlinear regime, we are in a position to postulate that the aforementioned eKects, which are typically considered to be of only secondary importance, do indeed play an important role in the experiments of Predtechensky et aL], '. [6] In this connection we mention that the modal truncation (ll) could provide a good model of the dynamics arising from the interaction between the even and odd modes even for parameters substantially far from those considered here. In particular this should be so for Jinite (or even moderate) aspect ratios, such as those employed in the experiments, for which the first two modes set in at substantially diferent Rayleigh numbers and consequently their interaction occurs at larger amplitudes.
Moreover, the usefulness of Eqs. (11) [20] . In particular the simulations by Jacqmin and Heminger [10] of closely related partial differential equations suggest that much of the behavior of interest involves a small number of spatial modes even relatively far above onset. These considerations indicate that Eqs. (11) merit further study.
